Issue addressed: There are moves to ban smoking in outdoor areas of pubs, restaurants and cafes. Some argue that this is unnecessary as exposure to second hand smoke (SHS) is minimal. The aim of this study was to determine potential exposure of patrons to SHS in outdoor areas of eating and drinking venues.
Introduction
The exhaled mainstream smoke from an active smoker and sidestream smoke emitted from the lit end of a cigarette form a toxic combination known as second hand smoke (SHS). 1, 2 Exposure to SHS is a serious health risk and a cause of premature death and disease among children and adults. 2 Despite advances in regulations to reduce non-smokers' exposure to SHS in workplaces and hospitality venues, SHS exposure remains a major public health issue. Holman and Gray identified from 2008 records that at least one child under the age of five is treated every day at Perth's public hospital emergency departments as a result of exposure to SHS. 3, 4 Article 8 of the World Health Organization Framework
Convention on Tobacco Control states that scientific evidence has "unequivocally established" that SHS exposure "causes death, disease and disability" and that Parties to the Convention (including Australia and New Zealand) 5 shall adopt legislative or other measures that provide for protection from exposure to SHS in all appropriate public places. 6 The Northern Territory remains the only Australian jurisdiction where smoking is only partially banned in licensed premises; smoking is prohibited in all enclosed public places including licensed premises, cafes and restaurants in all other Australian jurisdictions. 7 Tobacco control legislation in WA, NSW and the ACT also requires occupiers to take reasonable steps to prevent smoke from tobacco products entering smoke free areas. 7 The NSW Smoke-free Environment Regulation 2007 allows smoking in pubs and clubs where spaces have at least 25% of its total ceiling and wall area exposed to the outside. 8 Significant criticism has been directed at this loophole in the definition of an 'enclosed' public place, which allows pubs and clubs to weaken the intention of smoking bans. 9 Outdoor smoking areas are permitted in Queensland hospitality venues as long as food or drink is not provided or consumed in the area; however, pubs, clubs and casinos are allowed designated outdoor smoking areas where patrons can smoke and drink, as long as the area is not serviced. 7 New Zealand smoke free legislation prohibits smoking in enclosed areas of licensed Some opponents of action on SHS have argued that smoking bans may be unnecessary in outdoor areas where people are not unavoidably in close proximity for lengths of time. 12, 13 However, the limited number of studies on outdoor SHS have suggested that tobacco smoke concentrations in outdoor areas may be as high as SHS indoors, particularly during smoking and in close range to smokers. [14] [15] [16] In contrast to indoor smoking however, SHS dissipates soon after smoking ceases outdoors. 15 The concentration of outdoor SHS is a product of the density and distribution of smokers, wind direction and speed, and the stability of the atmosphere. 14, 16, 17 High outdoor SHS concentrations are generated by high smoker density, low wind velocities and stable atmospheric conditions. 15 Repace and Rupprecht measured respirable particle pollution in five alfresco cafes in Helsinki and found air pollution levels between five and 20 times that of sidewalks of traffic filled streets. 18 Studies have recorded substantial variation in SHS exposure outdoors as a function of the number of cigarettes smoked, the position of the air quality measuring device relative to smokers and atmospheric conditions. 14, 19, 20 This study aimed to demonstrate the potential for SHS exposure in alfresco eating and drinking areas of WA cafes and pubs, where smoking restrictions had not yet been brought into effect. 22 This size range is consistent with previous research measuring tobacco-related PM 2.5 using the same equipment. 23 A calibration factor of 0.32 was applied to the raw data as is suitable for SHS. 19, 20, 24, 25 The air flow of the SidePak was set at 1.7 litres per minute. The SidePak was zero-calibrated every three weeks during the testing period.
Methods

Venues
The SidePak was positioned in a handbag with just the end of the intake tube sticking out to collect the air. The handbag was positioned over the tester's shoulder or on a seat; as close to breathing space as possible while remaining inconspicuous so as not to interfere with normal behaviour. The SidePak was set to record PM 2.5 readings at one minute intervals for the duration of the test.
Information about each venue was recorded at the time of testing. Data were collected on the type of venue (pub or café), characteristics of the outdoor area (size, level of enclosure, location of indoor entrances), location (on a main road, side street or courtyard), patron information (maximum and average number of patrons, maximum and average number of people smoking), pedestrian and road traffic (four-point scale ranging from no traffic to very busy) and atmosphere characteristics (level of wind, cloud cover, rain and temperature).
Statistical analyses
Test data were downloaded from the SidePak to SPSS Version 17 for analysis. The one minute logging intervals produced one data point for each minute of testing. The SidePak gives readings of milligrams of particles per cubic metre of air. Recorded readings were converted to micrograms per cubic metre of air (µg/m 3 ). The venue survey information was also entered into SPSS.
The data were coded in two ways. Initially, each minute of data was coded as 'smoker present' (coded as 1) or 'no smoking' (coded as 0). The 'smoker present' code was given from the closest minute to when a smoker was recorded as having lit up, as recorded on the venue survey. If the time the smoker finished smoking was recorded, the data were coded as 'no smoking' from the next minute. The amount of time with no, one and two or more smokers were 157, 156 and 224 minutes, respectively. Data from eight minutes of testing were excluded from analyses as it was unclear how many smokers were present. There were statistically significant differences in PM 2.5 level when no, one and two or more smokers were present (p<0.001; see Figure 1 ).
Multiple linear regression models were constructed. The model containing all the variables predicted 40.7% of the variance in PM 2.5 level (F(4,532)=41.406,p<0.001). A summary of the model is provided in Table 1 . After controlling for the other variables, the number of smokers (zero, one, or two or more) remained a significant predictor of PM 2.5 level, explaining 24.3% of the variance in PM 2.5 level. In the model there was evidence of a significant dose-response relationship with significant increases in PM 2.5 concentrations with the number of smokers. The number of smokers was the greatest contributor of all the modelled variables in explaining the variance in PM 2.5 level. Other factors that significantly contributed to PM 2.5 concentrations included wind level, outdoor cover, average number of patrons, street type and road traffic. As expected PM 2.5 decreased in windier conditions, increased when the covering increased, and increased with the number of patrons, on busy roads and with the amount of traffic (Table 1) .
Discussion
This study demonstrated that smoking in outdoor venues can significantly increase airborne PM 2.5 levels. Increased PM 2.5 concentrations were observed when there was at least one smoker at an outdoor venue. Concentrations were further increased when there were two or more smokers, providing stronger evidence that the main source of the PM 2.5 was from the cigarettes. Finally, when other factors that could impact on ambient PM 2.5 concentrations were controlled, such as traffic and meteorological conditions, the number of smokers remained a significant contributor to the increased PM 2.5 levels. at least 80% wall covering. 20 These physical characteristics reflect the colder climate and contribute to higher SHS exposure levels. The extent of enclosure of the venue was associated with PM 2.5 levels in this study. Most venues had no or only overhead cover with only 7% of venues having both overhead and side cover.
The Canadian study 20 and our findings of increased PM 2.5 with greater enclosure demonstrate the potential limitations of regulations that allow a broad definition of outdoor areas, such as in NSW 8 and Victoria. 26 Although testing would have to be conducted in those jurisdictions to account for different meteorological conditions, it is likely that venues that provide the minimum exposed area, under the existing regulations, may not be providing sufficient protection for patrons.
Smoking bans in some outdoor areas, such as sports stadia, where people are seated in close proximity for lengths of time, receive little criticism. 27 However, critics of outdoor smoking regulation cite various arguments against bans extending to other outdoor settings: a thin evidence base, the claimed triviality of generally very brief exposures to others' smoke, the paternalistic nature of a zero tolerance approach, and the inappropriateness of public health justifications for matters of community preference. 27 Proponents of outdoor smoking bans argue that further bans will reduce the modelling of smoking to children and therefore smoking initiation, assist quit attempts and prevent acute and chronic health effects. 16, 28 Alfresco areas of hospitality venues are popular in Australia, but are often concentrated with smokers as an unintended effect of indoor smoking bans. 29 This study has demonstrated that in busy alfresco areas with numerous smokers present, nonsmokers may be exposed to a considerable amount of SHS.
The data also suggest a dose-response relationship with PM 2.5 increasing with the number of smokers. These results are of concern as testing was conducted during the day and often during working hours, which are likely to be less busy times for many of the venues selected. It is likely, therefore, that PM 2.5 levels will be much higher where more smokers were present. This may be particularly relevant for outdoor areas of hotels and pubs during peak periods, as smoking is prohibited in indoor areas in most jurisdictions. Apart from exposure of patrons who are sitting outside, people will continue to be exposed indoors as SHS can enter indoor spaces through open doors or windows, especially in warm periods when doors and windows may be left open. 25 There are no guidelines or standards presently available for short term exposure to PM 2.5 . Australia's National Air Quality Standards (NAQS) set an advisory reporting standard for PM 2.5 of 25 µg/m 3 over a one day period. 30 The NAQS reporting standard is consistent with the World Health Organization guidelines for 24-hour mean PM 2.5 levels. 31 The Air Quality
Index produced by the US Environmental Protection Agency (EPA) indicates the level of risk associated with increasing PM 2.5 concentrations, as outlined in Table 2 . 32 These guides were used to assist interpretation of the results of the current study. While the guidelines are based on 24-hour PM 2.5 exposures and the sampling periods in the current study average only 19.46 minutes, the guidelines provide a valuable comparison to put the findings of this study into context and have been used in similar studies. 20 The AQI category labels such as 'good' should not be interpreted as suggesting there is a safe level of exposure to SHS as there is no risk-free level of SHS exposure. 2 When no smokers or just one smoker was present, the average levels of PM 2.5 were within the 'good' range of the US EPA Air Quality Index. When two or more people were smoking in the alfresco area, the average level of PM 2.5 was significantly higher at 17.00 µg/m 3 . The US EPA warns that PM 2.5 at this level may put particularly sensitive people at risk of respiratory symptoms. PM 2.5 concentrations were recorded during smoking and non-smoking periods; however, it is unclear if levels ever returned to baseline. This would mean we are more likely to be underestimating the difference in concentrations between the smoking and non-smoking periods.
It was not always possible to record exactly when smokers stopped smoking in the hospitality venues (i.e. finished the cigarette or left the premises) due to blocked vision of the smoker, trying to be inconspicuous and having multiple smokers to observe at one time. Individual variation in smoking behaviour and the presence of ambient smoke after a cigarette was butted out may have artificially increased the background PM 2.5 levels in the 'no smoking' conditions and somewhat washed out the PM 2.5 levels in the 'smoker present' conditions.
In the analyses we have not accounted for the distance and the position of smokers relative to the sampling equipment. During tests, smokers were positioned at varying distances, angles and wind direction from the SidePak. This may have influenced the extent to which the SidePak recorded the PM 2.5 . The furthest recorded distance that a smoker was from the SidePak was approximately 10 metres and even at that venue there was an observed increase in PM 2.5 concentrations when the smoker lit-up (proximity of smokers to sampling equipment was not routinely recorded and therefore not included as a variable in analyses). Again this may mean nonsmokers are actually exposed to higher PM 2.5 concentrations if they are closer to the smokers, as previous studies have found. [14] [15] [16] Building awareness of the risks of exposure to SHS through media coverage and other advocacy strategies has played a significant role in developing momentum towards and community acceptance of tobacco control measures to reduce exposure to SHS and smoking prevalence. 33 The results of this study can be used for advocacy purposes.
In conclusion, we have demonstrated that even in outdoor well-ventilated areas, SHS levels can be high enough to be a health risk to others nearby. This supports the concept of banning smoking in areas where people may spend extended periods of time, which they may well do in outdoor eating and drinking venues. Legislation to limit smoking in outdoor areas has been implemented in Australia and New Zealand to varying degrees. 7 However, this is not consistent and local, state and national governments should be encouraged to legislate against smoking in alfresco eating and drinking places.
